The nature of the Type Ia supernovae (SNIa) progenitors remains still uncertain. This is a major issue for galaxy evolution models since both chemical and energetic feedbacks play a major role in the gas dynamics, the star formation and hence, in the overall stellar evolution. The progenitor models for the SNIa available in the literature propose different distributions for regulating the explosion times of these events. These functions are known as the Delay Time Distributions (DTDs). This work is the first one of a series of papers aiming at studying five different DTDs for SNIa. Here, we implement and analyse the Single Degenerate scenario (SD) and the behaviour of the parameter A which determines the fraction of binary systems in one stellar generation that give rise to SNIa events. It worth nothing that in SPH simulations, the parameter A acts at a particle basis which has no a priori knowledge of the type of galaxy it inhabits. We determine a value of A which reproduces the [α/Fe] ratios and the present time observed SNIa rate for a pre-prepared galaxy in isolation. The calibrated SD scenario is found to generate naturally a correlation between the specific SNIa rate and the specific SFR (SSFR) which resembles closely the observational trends. Our results suggest that SNIa observations of very low and very high SSFR of galaxies could help to set more stringent constraints on the DTDs. In a forthcoming paper, we discuss the results of five different DTDs using the same numerical approach.
INTRODUCTION
Galaxy formation constitutes a multi-scale highly non-linear process. The modeling of the observed galaxy populations with a self-consistent model -from the initial conditions left behind the Big Bang-, requires knowledge of the coevolution of all the components of the Universe. According to the Λ-Cold Dark Matter (ΛCDM) paradigm, baryons condensate onto the dark matter haloes, which constitutes the sites of galaxy formation. Galaxy formation theories aim at understanding both the large scale growth of the structure and and small-scales processes such as as the star formation from molecular clouds, for example. This is a challenging task which can be tackled by using semi-analytical or fully cosmological models. Both of them resort to recipes or sub-grid modeling to include complex ⋆ E-mail:jimenez@oats.inaf.it/njimenez@fcaglp.unlp.edu.ar physical processes. Hence, is of utmost importance to confront the model results with observations to learn about galaxy formation and to test the validity of the adopted hypotheses. Galaxy chemical evolution models appear as a powerful tool to understand the way in which galaxies formed and evolved (Tinsley 1979; Matteucci & Greggio 1986; Matteucci 1994) . Since the information provided by galactic abundances is the result of the nucleoshyntesis production of the stellar populations and the larger scale physics involved in the galaxy formation, chemical patterns can provide stringent constraints for galaxy formation models.
The treatment of chemical evolution in semianalytic models of galaxy formation (e.g. Pipino et al. 2009; Jiménez et al. 2011; Guo et al. 2011; Yates et al. 2013) and cosmological hydrodynamical simulations (e.g. Mosconi et al. 2001 ; Tornatore et al. 2004 ; , opened a power route to study galaxy formation by probing links between chemical patterns and relevant physical processes. Nowadays, sophisticated computational tools and detailed observations of local and high redshift galaxies make possible the update of galaxy formation models and the development of more realistic schemes for the baryonic astrophysics.
It is well known that supernovae core collapse (SNe Type II) are produced by massive short-lived stars (M> 8 M⊙) . The nucleosynthesis production of these events feeds the interstellar medium (ISM) with energy and, mainly, with the so-called α-elements -O, Ne, Mg, Si, S and Ca-. On the other hand, the SNe type Ia (SNIa) are the main contributor of the Fe in the Universe. This element is usually considered as a tracer of the metallicity in stars. Furthermore, the production and distribution of the chemical elements in the ISM affect the cooling rates of the gas (Sutherland & Dopita 1993) , the star formation processes, the subsequent stellar evolution (Pietrinferni et al. 2006) and the production of high-redshift dust (Maiolino et al. 2004; Bianchi & Schneider 2007) . Main properties as the luminosity function and the mass distribution of the galaxies might consequently be affected (White & Frenk 1991; . By studying the enhancement of the α-elements relative to Fe, one expects to learn about the Initial Mass Function (IMF) of the stellar populations and, very importantly, about the time-scales in which SNIa becomes relevant. The time-delay between SNII and SNIa in the injection of chemical elements in the ISM creates important patterns which can be used as clock to tag particular events in the formation histories of galaxies. Given a single stellar population, SNIa events occur following a distribution of explosion times which is known as the Delay Time Distribution (DTD). Different scenarios for SNIa progenitors produce different DTDs which, in turn, create different chemical patterns in the stellar populations and their host galaxies. One of the major astrophysical problems is the uncertain identity of the SNIa progenitors. This is a matter that concerns not only galaxy formation theory but modern cosmology, as well. The remarkable similarity shown by the light curves of the SNIa have made them excellent cosmological distance indicators. Hence, they are used to investigate the properties of the dark energy, and to test parameters of the cosmological model, and the acceleration epoch of the Universe (Perlmutter et al. 1999; Pan et al. 2012; Rest et al. 2013 ).
We consider the two most popular scenarios based on a thermonuclear explosion of a C-O white dwarf (WD) are: the single degenerate (SD) scenario -a WD exceeding the Chandrasekhar mass through accretion from a non-degenerate companion star (Whelan & Iben 1973; Matteucci & Recchi 2001) , and the double degenerate (DD) scenario -two merging WDs that loose angular momentum and energy trough the radiation of gravitational waves and eventually merge. They exceed the Chandrasekhar mass and ignite as a SNIa (Iben & Tutukov 1984; Greggio 2005) . For the SD scenario the characteristic time-scale is given by the time of the least massive star of the binary system to reach the red giant (RG) stage. Considering that the smallest possible secondary mass in the system is 0.8 M⊙, the maximum explosion time is the age of the universe. The minimum time of ∼ 30 − 35 Myrs, is given by the most massive star possible -a 8 M⊙-. Therefore, once knowing the star formation rate (SFR) of a single stellar population, the SNIa events occur in these scenarios following a certain DTD.
When it comes to observational data, recently many empirical DTDs have been proposed. The Bimodal model by Mannucci et al. (2006) considers a DTD with two populations of progenitors of Type Ia SNe, one dominated by the "prompt" component that explode within 100 yrs after the formation of their progenitors and the "plateau" component, a wide period of time extending up to 10 Gyr (tardy SNe Ia). The shape of the bimodal distribution is given by the sum of two functions: a prompt Gaussian centered at 5 × 10 7 yrs, and plateau function exponentially declining. Moreover, similar a power law DTDs (∼t −1 ) have been presented, recovered from different observational surveys. For instance, Maoz et al. (2012) show a power law to fit the DTD, using a sample of 132 SNe Ia discovered by the Sloan Digital Sky Survey II. Totani et al. (2008) , using field elliptical galaxies proposed a similar power law. Finally, Pritchet et al. (2008) present a power law DTD, originated by the data coming from the SuperNova Legacy Survey (SNLS).
Additionally, Sullivan et al. (2006) , based on a sample from the SNLS, showed a correlation between the specific SFR and the specific SNIa rates (SSFR and SSNIaR, respectively). Thus, linking the SNIa rates to young star-burst systems. Later, Smith et al. (2012) confirmed this correlation, adding the fact that it does not seem to evolve with redshift. Many authors have used this correlation to try to unravel the nature of the SNIa progenitors (e.g. Pritchet et al. 2008; Scannapieco & Bildsten 2005; Sullivan et al. 2006) .
These DTD models involved a free parameter (A), which is associated to the fraction of binary systems of the type necessary to produce Type Ia SNe. This value should be adjusted to match the observed SNIa rate at the present time. In this work, we adjust this value to reproduce as well the knee expected in [O/Fe] vs [Fe/H] distribution, among other chemical patterns. Observations also provide information on global relations of the SNIa rate and properties of the galaxies.
The DTD represents a powerful tool, not only for testing models and helping to constrain the progenitor SN Ia scenarios, but also for obtaining an accurate description of the chemical and energetic feedback from SNIa. We include and analyze in detail, for the first time (up to our knowledge), five different DTDs for SNIa in a smooth particle hydrodynamical code. Our results will be presented in a series of three papers. In the first paper, we discuss in detail the SD models, the constraints they should satisfy and apply this model to study global properties such as the correlation found by Sullivan et al. (2006) . In a second paper (hereafter Paper II, Jimenez et al. in preparation), we implement the five mentioned DTD models calibrated to reproduce the observables discussed in Paper I and explore global distributions for all DTDs such as SSFR-SSNIaR correlation. In Paper III, we show the differences in the metallicity properties of the stellar populations, the Interstellar Medium (ISM) when the different DTDs are acting. Our final goal is to run a cosmological volume and analyze if the chemical properties of the stellar populations, and their correlations with the dynamical parameters, can be reproduced and used to study the SNIa progenitors, by adopting the DTDs that provide the best representation of the observables. We note that in cosmological simulations the parameter A is the same for stellar particles representing a single stellar population, and that particles do not have any a priori knowledge of the type of galaxies where they will end up. Hence, we consider extremely important to understand how different DTD models behave when varying A. This paper is organized as follows-Section 2 describes the analytic DTD for the SD scenario. Sections 3 describes briefly the main aspects of the numerical code and presents the initial conditions. In Section 4, we present the implementation of DTDs in the code and discuss the calibration and results from the SD scenario. In Section 5 we study the observed correlation found by Sullivan et al. (2006) , between the specific SNIa rates and the specific SFR for the SD scenario. The main results are summarized in Section 6 2 DELAY TIME DISTRIBUTIONS
The Single Degenerate scenario
In the Single Degenerate scenario, SN Ia originate from a binary systems with one C-O WD and a red (super) giant star (Whelan & Iben 1973) . The WD accretes mass from the red giant through the Roche lobe, and an explosive nucleosynthesis process occurs when the WD reaches the Chandrasekhar mass. Calculations of the SN Ia rates were performed on the basis of this model (Greggio & Renzini 1983; Matteucci & Greggio 1986; Tornambe & Matteucci 1987; Matteucci et al. 2009 ) for both our Galaxy and for elliptical galaxies.
In the formulation of Greggio & Renzini (1983) (from now GR83), the explosion times correspond to the lifetimes of stars in the mass range 0.8 − 8M⊙. The first system made of two 8M⊙ stars explodes after ∼ 3 − 4 × 10 7 yrs from the beginning of star formation. The minimum total mass of the binary system is assumed to be 3 M⊙ to ensure that the WD and the companion are large enough to reach the Chandrasekhar mass limit after accretion. The smallest possible secondary mass is 0.8M⊙ and therefore the maximum explosion time is the age of the Universe. Thus, this model is able to predict a present time SN Ia rate for those galaxies where star formation must have stopped several Gyr ago, such as ellipticals.
In this formalism the SNIa rate for an instantaneous starburst, in other words the Delay Time Distribution can be written as:
where MB = M1 + M2 is the total mass of the binary system, with M1 being the primary stars (the originally most massive one) and M2 being the secondary star, M B,inf and MB,sup are the minimum and maximum masses for the binary systems, respectively. The maximum value is MBM = 16M⊙ for the mass of the binary system. The adopted lower limit is MBm = 3M⊙, as discussed previously.
The constant A represents a free parameter which indicates the fraction of binary systems of the type necessary to produce Type Ia SNe, relative to all the stars in the mass range 3-16M⊙. This parameter should be fixed to reproduce the present time SN Ia rate.
The extremes of the integral (1) are functions of time and for a fixed time t, are:
where MB,sup = MBM when M2(t) = 8M⊙. We define µ = M2/MB as the mass fraction of the secondary and f (µ) is the distribution function of this ratio. Statistical studies (e.g. Tutukov & Yungelson (1980) indicates that mass ratios close to one are preferred, so the formula:
is commonly adopted, with γ=2 as a parameter. The function φ(MB) is the initial mass function (IMF) and has the form:
where x is the index given by Salpeter (1955) , the IMF is defined in the mass interval 0.1-100 M⊙, and C is the normalization constant. In order to compute the Type Ia SN rate we need to convolve the DTD function described above with a suitable star formation rate. We adopt the model of (from now MR01 Matteucci & Recchi 2001 ) with a realistic SFR:
The star formation ψ(t) in this case has to be evaluated at the time (t − τM 2 ), with τM 2 being the lifetime of the secondary star and the clock for the explosion. The mass of the secondary star M2 is given by the inverse of the formula Padovani & Matteucci (1993) :
The complete approach allows us to evaluate the equation 6, for each stellar particle with a SF episode and estimate the rate of SNIa. The SD scenario produces a fraction of SNIa exploding in the first 100 Myr, since the beginning of star formation, of ∼ 13% to ∼ 15% (Bonaparte et al. 2013 ).
THE NUMERICAL CODE
We use an extended version of the Tree-PM SPH code GADGET-3 (Springel 2005) , which includes star formation, chemical enrichment and supernova feedback, metaldependent cooling (Sutherland & Dopita 1993 ) and a multiphase model for the gas component, which allows the coexistence of gas clouds with different thermodynamical properties. The SN feedback scheme is able to describe the injection of energy into the ISM, producing the self-regulation of the SF and the triggering of mass-loaded galactic outflows. This SN feedback does not introduce mass-dependent parameters as described in detail by Scannapieco et al. ( , 2006 . In this work, we assume the total SN energy release in each event to be 0.7 × 10 51 erg and this energy is equally distributed within the cold and hot phases surrounding a stellar particle. This SN feedback model has already been used to study the formation of disc galaxies in a cosmological context (e.g. Scannapieco The cold and dense gas is transformed into stars when satisfying density and temperature criteria according to the Schmidt Law. We adopt a Salpeter IMF. SNe type II are assumed to originate from stars more massive than M> 8 M⊙and lifetimes of ∼ 10 6 yrs. The SNIa scenario originally included by and Scannapieco et al. (2006) is the one proposed by Mosconi et al. (2001) and will be refereed as the "Original " model to distinguish it from the implementations of the DTDs presented in this work. In the Original model the lifetimes of the binary system that explode as SNIa are assumed to be randomly distributed within a certain range. In this Paper, we assume τSNIa = [0.1, 1] Gyr as used by Mosconi et al. (2001) 1 , thus considering a larger minimum lifetime for the distribution of the secondary mass, compared to the predictions of the SD scenario. The original scenario constitutes a simple aproach based on the assumption that a fair fraction of SNIa will explode during a period τSNIa = 10 8 − 10 9 yrs (Greggio 1996) . A fixed relative ratio between SNII and SNIa is assumed adopting an observationally motivated value (van den Bergh 1991). For the chemical yields, the model W7 by Iwamoto et al. (1999) is adopted. This SNIa scenario, albeit simple, has been successful at reproducing many observational chemical patterns and trends as shown in (Tissera et al. 2012 . The Original model has the large advantage of being computationally inexpensive while grafting the main features of SNIa. However, there is room for improving the SNIa modeling as explained in the Introduction, this would be a great asset when large on-going or planned surveys of the our Galaxy or nearby galaxies start to yield detailed abundances of the stellar populations such as APOGEE (belonging to Sloan Digital Sky Survey II) (Anders et al. 2013) , The GIRAFFE Inner Bulge Survey (GIBS) (Zoccali et al. 2014) , Calar Alto Legacy Integral Field spectroscopy Area survey (CALIFA) (Sanchez et al. 2013) , and the accurate SNIa rates at high redshift, such as The Cluster Lensing and Supernova Survey with Hubble (CLASH) (Postman et al. 2012) , The Cosmic Assembly Near-infrared Deep Extragalactic Legacy Survey (CANDELS) (Koekemoer et al. 2011 ), among others.
The simulated galaxies
We analyze the performance of the DTDs in simulations of pre-prepared galaxies in isolated dark matter haloes. This initial condition (IC) is simple enough to highlight the effects of the different DTDs without being distracted by additional processes such as mergers and gas infall which complicate the picture in fully hierarchical scenarios for galaxy formation. This simple approach allows us to test more easily the influence of the free parameter of the implemented DTDs.
The IC consist of a dark matter potential with an initial distribution consistent with a NFW density profile (Navarro et al. 1997) , with a concentration of c = 9, a stellar bulge with Hernquist profile and a stellar exponential disc. The virial mass of this system is M200 = 10 × 10 11 M⊙, with 10% of this mass in form of baryons. The adimensional the spin parameter is λ = 0.044. Initially, the gas component represents 50% of baryons and is distributed in the disc component, in hydrostatic equilibrium within the potential well. The initial gas particle is ∼ 7 × 10 5 M⊙while the dark matter particle has 9 × 10 6 M⊙. The softening length for the gas particles is 200 pc and for the dark matter particles, we adopt 450 pc. This numerical resolution is comparable to what we are using in the cosmological experiments which are currently being run.
The SFR efficiency is set at c = 0.1. We follow the evolution of a systems until the gas to form stars is depleted and the star formation ceases.
We notice that all the simulations show a strong initial SF burst rate, which ends before ∼ 1 Gyr due to the gas depletion into stars and the effects of SN feedback which ejects part of it (see Section 4.2). The final stellar mass of the galaxies is nearly the same for all the simulations, ∼ 2.2 × 10 10 M⊙, typical for a small ellipticals or a bulge of spiral galaxies.
The initial gas fraction is quite high, 50%. This facilitates the formation of clumps which migrate to the inner regions contributing to the formation of the bulge component. This process has been extensively studied by Perez et al. (2013) with similar IC. By comparison of these SF histories with the ones given by the model of Pipino & Matteucci (2004) (see Section 4.1), we conclude that the SF history of the gas component resemble spheroidal-type systems. And this is consistent with the fact that the gas becomes unstable and collapses to the central region, feeding the strong starbursts. Most of the new stars are centrally concentrated, contributing to the formation of the bulge component. This is why we will compare the present day SNIa rate with those observed in spheroidal-dominated galaxies.
IMPLEMENTATION OF THE DTDS
The numerical code estimates if a given gas particle is in condition to be transformed into stars. Then, follows in time the new stellar particle representing a single stellar population. The code calculates the number of SNIa which should be produced as a function of time, according to the assumed DTD. The free parameter A should be adjusted to reproduce the present-time observed SNIa rates. Analytical or semianalytical models fix the value of A requiring the galaxy to reproduce the observed SNIa rates, according to its morphology. In a numerical simulation, A is tuned at a particle level, so a given stellar particle does not have any a priori knowledge of the morphology of the galaxy it inhabits. On the contrary, reproducing the observed SNIa rate according to morphology should be a prediction of our models. Note that in our models, gas and star particles will evolve according to physical laws in a non-linear way. Hence, reproducing the observed values is a challenge, even in a simple IC as the one used in this work.
As mentioned in the Introduction, there are several theoretical scenarios for the DTDs. We consider in this Paper the SD by GR83 and Matteucci & Recchi (2001, hereafter MR01) , and leave for Paper II the following scenarios: DD by Greggio (2005) , the Bimodal scenario by Mannucci et al. (2006) , and power laws proposed by Maoz et al. (2012) , and by Pritchet et al. (2008) . The implementation of the DTDs is the same for all the models.
The drawback of including detailed descriptions of the DTDs in the simulations is the computational cost. The objective is indeed to keep the model sufficiently simple to allow its use in large-scale cosmological simulations. Therefore, solving the integrals given by Equation 6 for each particle, at each time, is highly inefficient. To alleviate this problem, we include the DTDs in the simulations by creating a pre-prepared tables of the each DTD considered in the last section. We use 20 equally time-spaced bins. In this way, for each stellar particle in our simulations at a given time, SFR and stellar age, the code checks in the table the number of SNIa produced by the particle, according to the DTD adopted. Thanks to this efficient implementation based on pre-prepared tables, the computational costs are significantly reduced.
We study the convergence of different parametrizations of the DTD functions given by SD scenario, using different numbers of bins to map the DTD. We compare the SD-1 model to simulations with [5, 10, 15, 20] number of bins for fitting the DTD curve. We find that the distribution of metals, the SFR, specific SFR, rates, and other relevant quantities for this study do not not change significantly with the number of bins chosen. As an example we show in Fig.  1 , histograms of the mass fraction of stars within a given metallicity, calculated by using models with different numbers of bins. It can be seen from the plot that the differences between the fractions of mass are negligible. The fraction of stars with [Fe/H]> 0 vary less than 0.2% between the models.
Calibrating the SD scenario
This SD scenario is taken as a reference one. In the model of Matteucci & Recchi (2001) , the parameter A is a free parameter fixed a posteriori to fit observed rates of SNIa at present day. This parameter accounts for the fraction of binary systems that undergo a SN Ia event, once the IMF is fixed. In our implementation of the DTDs, A is also a free parameter but on particle basis, so is not possible to know a priori in which type of galaxy a given particle inhabits, particularly in a cosmological simulation. The parameter A has to reflect the underlying physics and, at the same time, be able to reproduce the mean observable constraints. To calibrate the simulations, we look for the values of A which allow us to reproduce the observed rates of SN Ia but we also considered how well other observables, such the [α-elements/Fe] behaviour, are reproduced.
For this purpose, we make use of the model of Pipino & Matteucci (2004, hereafter, PM04) for bulge-like systems of similar mass and SF history as the SPH galaxies, to explore the range of possible A values able to reproduce observations. We then test this range of parameters in the SPH simulations. The advantage of this methodology is the small computational cost of running a semi-analytic model as PM04, compared to the cost of running several SPH simulations until selecting the proper values for A. Caution should be taken since a change in A might produce a non-linear response in the simulations, since the SN feedback and gas metallicities will also change, modifying the cooling rates and the availability of cold gas for subsequent star formation activity.
In the PM04 model, a galaxy is divided into several non-interacting shells, resolving in each the chemical evolution equations to reproduce the evolution of the elemental abundances. The SFR is given by the law ψ(t) = νρgas(t), assumed to be proportional to the gas density ρgas, via a constant ν that represents the star formation efficiency. This quantity increases with the galaxy mass. For the comparison with the SPH simulations, we run the model of PM04 adopting ν = 50 Gyr −1 for a galaxy with initial mass of 10 11 M⊙and a infall time of 0.01 Gyr. Because of the stellar winds suffered through its evolution, the galaxy ends up with a final mass of ∼ 4.7 × 10 10 M⊙. This mass is in the order of magnitude of the new stellar mass formed in the SPH galaxies (∼ 2.2 × 10 10 M⊙). The SFR history of the SPH galaxies and the PM04 galaxies are very similar, showing a bursty behaviour at the beginning, with a fast quench after ∼ 1 Gyr.
Therefore, we use the SFR of the SPH galaxy obtained running the Original model of Scannapieco et al. ( , 2006 as an input in the model of PM04. In this way, we obtain a fast prediction for the rates of SNIa and SNII for the given galaxy. By varying the value of A in the PM04 model, we can settle the adequate parameter space for A that reproduces the observed ratio between the SNII and SNIa rates. This parameter space is the one that we adopt in the SPH simulations. The value of A used in the Original model, A = 0.0015 is also included for the sake of comparison. Here, we also calibrate the Original model by requesting it to reproduce the observed SNIa rates as it was done for the SD scenario.
We run four experiments with the same IC and the SD model using A= [0.00015, 0.00075, 0.0015, 0.0075] (SD-1, SD-2, SD-3 and SD-4 models, respectively). Larger or smaller values are strongly ruled out by PM04 model. Table  1 summarizes their main properties, including the predicted type Ia SN rate (column 4).
Star Formation Rate
In Fig. 2 (upper panel) , we show the SFR of the simulated galaxy for the four explored A values and the Original model. In all the runs, there is strong burst at the beginning, followed by a decay of the SFR until the gas is exhausted. Since the simulated galaxy is isolated, there is no reason to feed the SFR afterwords. From this plot, we do not get any meaningful difference until the SFR declines below ∼ 10 M⊙yr −1 . The SFR drops to ∼ 0.01 M⊙yr −1 after ∼ 4 × 10 8 years for the SD-1 model, followed in time by the rest of the models. SD-2 model, which has the lowest A value, is the last to exhaust the gas in condition to form stars, after ∼ 8 × 10 8 yrs. For SD-4 and the Original models, which share similar values of A, we see different quenching times, being the latter the one with more extended SFR. Therefore, all the simulations have their SFR quenched before 1 Gyr, due to the gas depletion into stars and/or the effects of SN feedback, which heats up part of it.
Another way of quantifying the effects of the different A parameter on the regulation of the SF is to estimate the mass fraction of new-born stars, as can be seen from the lower panel of Fig. 2 . This figure shows clearly how different A values can regulate the star formation activity according to the total energy that type Ia SNe are able to inject into the ISM. The efficiency of the stellar production depends on the available cold gas in galaxies, a quantity than can be affected by the number of SN events. From Fig. 2 we can see that as the value of A increases, the fraction of new stars decreases, accordingly. This can be clearly appreciated from the comparison between the final fractions reached for SD-3 and SD-2, with the largest and lowest values of A, respectively. However, the variations between models are very small (less than 2%) indicating that, at least for this IC, the effects on the regulation of the SF are minor, if sensible values of A are assumed.
Comparing the Original and SD-4 models, we can see than they produce the same fraction of new-born stars, although SD-4 quenches the star formation activity somehow before than the Original model. Recall that, in the SD model, the minimum lifetime of SNIa is ∼ 3 × 10 7 yrs , whereas in the Original model, it is ∼ 1 × 10 8 yrs. This explains the differences in the SFR quenching times of the two models. Notice that the DTD implementation seems not to affect the efficiency of the fraction of new-born stars formed in the galaxies when compared to the Original model.
In order to identify which value of A is the best one, we confront the SNe Ia rates form our models with the observed values for galaxies with similar SFR histories. As mentioned in the previous section, the SFR of the gas component resembles elliptical/S0 galaxies. Hence, we compare an average (∼ 0.0012 SNIa per year) of these two observed rates given by Li et al. (2011) with our models before the gas is exhausted. We show the predicted rates of our models in Table 1 . As can be seen, we obtain a better agreement with SD-1 and SD-4 models than with the rest of them.
The [α-elements/Fe] ratios
We address to the production of [α-elements/Fe] by each of the models of the SD scenario (MR01 model, with variable A) included in the SPH simulations. It is worth noting that in principle A should be chosen in order to reproduce the Table 1 for details on the simulations. observed rates of SNIa at present time. In our case, the value of A which best reproduces the present time rate is that of SD-4 model, as shown in Subsection 4.2. However, here we would like to test the effect of varying A, namely the fraction of SNIa, on the predicted [α/Fe] ratios. In the Original model and in all the simulated SPH galaxies, the yields for SNII are those metal dependent from Woosley & Weaver (1995) , with half of the iron yield used. For the production of SNIa, we assume the model W7 by Iwamoto et al. (1999) .
We interpret the evolution of the abundances ratios of [O/Fe] vs [Fe/H] with the help of the time-delay model (Tinsley 1979) . It is expected that the delay on the production Fe by SN Ia ejected into the ISM in relation to the rapid production of α elements by SN II, leaves a characteristic signature in the [α/Fe] vs [Fe/H] diagram (Matteucci & Recchi 2001) . The ejection of Fe from SNIa is regulated by the DTD. The main effect of the delayed Fe production in relation to the α-elements produced by SNII is to create an over-abundance of O relative to Fe, until SNIa become important and the ratio [O/Fe] declines. This point is identified by a typical knee in the plot.
Assuming that bulges and elliptical galaxies experience a strong burst of star formation lasting a short time, less than 1 Gyr, Matteucci & Brocato (1990) Fig. 3 , where the different coloured lines refer to each of the models. We compare the theoretical predictions to the Galactic bulge data from Gonzalez et al. (2011) .
The data presented by Gonzalez et al. (2011) is a sample of spectra of low resolution (R= 22500) for 650 bulge red giant branch (RGB) stars. This sample is obtained with the FLAMES-GIRAFFE spectrograph (Pasquini et al. 2003) . It is worth noting that the bulge data refer to Mg whereas the theoretical predictions refer to O. However, we are allowed to make this comparison since Mg and O behave in a similar way see (see François et al. 2004 ). In fact they are both formed and ejected by massive stars on short time-scales.
An analysis of Fig. 3 shows that SD-2 model predicts a too flat [α/Fe] ratio. This means that the fraction of Type Ia SNe is too low. SD-3 model is an extreme case where the SNIa are too many, and it predicts, in fact, a continuous decrease of the [α/Fe] ratio, at variance with observations. Finally, SD-4 model seems to be the best although it does not pass exactly through the data. However, we recall that we are comparing O and Mg and hence, an exact match is not expected. What it matters here is the shape of the [α/Fe] vs. [Fe/H] curve. Note that SD-4 model also fits the present time Type Ia SN rate (see Subsection 4.2). On the other hand, the Original model, fits the data at low [Fe/H] and predicts a similar slope to observations, but then it shows a knee at a lower [Fe/H] value compared with the data. This is a consequence of the fact that, in spite of the longer minimum explosion time for Type Ia SNe, in the Original model the number of the first SNe exploding is larger than in the SD model adopted here. Moreover, once a stellar particle is selected to produce SNeIa, all the the synthesized elements are ejected at once.
From the previous analysis, we conclude that the chemical enrichment shown by the [α-elements/Fe] ratios changes linearly with A, in the SD scenario. Therefore, it is possible to find a value of A in this scenario which can predict the current SNIa rates for and the expected trend for [α-elements/Fe] ratios, at the same time. It also shows the importance of calibrating the models using observables.
THE CORRELATION BETWEEN THE SNIA RATES AND THE SPECIFIC SFR
Observations relating the SNIa rates of galaxies with the characteristics of the host galaxy as their morphology, colours and SFR are powerful constraints to our models. Consequently, in this Section we compare the results of the best SD scenario with observations presented by Sullivan et al. (2006) . In that paper, the authors found a correlation between the Specific Star Formation Rate (SSFR) -the SFR per unit mass of the galaxy-, and the specific SNIa (SSNIa) -the rate of SNIa per unit of galaxy mass-, for the SuperNova Legacy Survey (SNLS) galaxy sample. This correlation is based on a sample of 100 spectroscopically confirmed SNe Ia, plus 24 photometrically classified events, distributed over 0.2 < z < 0.75. The stellar masses and SFRs for the SNIa host galaxies are estimated by fitting their broadband spectral energy distributions (SED) with the galaxy spectral synthesis code PEGASE.2 (Fioc & Rocca-Volmerange 1997) . They adopt Kroupa (2001) IMF. The SSFR for the sample is measured as the ratio between the mean SF rate over the last 0.5 Gyr and the current stellar mass of the galaxy, resulting from the SED fitting. They choosed this interval of time to avoid systematic errors for galaxies for which the redshift is not known. Furthermore, Sullivan et al. (2006) compared the correlation with observations of a morphologically classified sample of SNe Ia host galaxies in the local universe presented by Mannucci et al. (2005) . It became clear from this comparison that the sample of galaxies in the local universe shares the same trend displayed by SNLS galaxies at higher redshift. Therefore, the SSNIaR results to be a function of the host galaxy SSFR, with strongly star-forming galaxies hosting roughly 10 times as many SNe Ia per unit mass than passive galaxies with no star formation. Moreover, Smith et al. (2012) measured the rate of SNIe a as a function of galaxy properties at intermediate redshift in a sample of 342 SN Ia with 0.05 < z < 0.25, coming from the Sloan Digital Sky SuperNova Survey-II (SDSS-II SN Survey). The authors estimate the host galaxy stellar masses and recent star-formation rates by using the code PEGASE.2. They confirm the existence of a correlation between the SSFR and the SSNIaR. Therefore, the correlation holds for relatively high redshift (Sullivan et al. 2006) , and for the local universe (Mannucci et al. 2005) , indicating no evolution with redshift within the range of 0.05 < z < 0.75. Sullivan et al. (2006) concluded that the correlation is difficult to reconcile with a model for SNIa that originates solely from an old evolved stellar population. Instead, they proposed a scenario of two separate components: a prompt component with a short delay time and an old component with a long delay time. This scenario is consistent with the Bimodal model of Mannucci et al. (2006) . We will explore this correlation with all the implemented DTDs in Paper II. Here focus in the SD model.
To assess if our best SD-4 model is able to reproduce a correlation such as the observed one along its evolutionary history, we calculate the SSNIaR and the SSFR of the simulated galaxies as a function of time. A combination of the observed data by Smith et al. (2012); Sullivan et al. (2006) ; Mannucci et al. (2006) , and the results for the SD-4 model are shown in Fig. 4 . The zero point of the simulated relation has been re-calibrated by estimating the mean SSFR and SSNIaR within 0.5 Gyr, in order to mimic observations. Caution is necessary when making comparison between the evolution in time of single objects -like our simulated galaxies-, and observations referring to a mix of different objects that might undergo different evolutionary histories. With this in mind, we can see that the SD scenario reproduces a clear correlation which agrees remarkably well with observations. At the beginning the simulated correlation follows a different trend, so that SSNIaR increases abruptly with high values of SSFR before reaching the expected observed trend. This feature is detected for all A values in the SD model. These strong variations in the SSNIaR are produced in a short interval of SSFR for most of the models (8.5 <log(SSFR)< 7.5) and is related to the time-delay in the SNIa production.
To address the physical reasons causing the simulated correlation SSFR-SSNIaR, we plotted the logarithm of SSFR and the SSNIaR as a function of time for the SD-4 model in Fig. 5 . The sharp increase of SSNIaR for high SSFR reflects the onset of SNIa and how quickly it reaches the (Sullivan et al. 2006; Mannucci et al. 2005; Smith et al. 2012) maximum value. After that, both the SSNIaR and the SSFR decrease establishing the observed correlation. For very low SSFR, there is still a residual SSNIaR, as the generation of these events is delayed in time. Thus the correlation is lost. This can be seen in the final stages (on bottom right) of Fig. 5 , and for low SSNIaR in Fig. 4 .
The particular feature seen at the beginning of the correlation SSFR-SSNIaR is not shown by the current observational data and constitutes a prediction from the simulations. If these early stages could be observed, then it might be used to set limits on the shape of the DTDs. Of course, the system we have used to explore the effects of varying the DTDs is very simple. The SFR history of galaxies would certainly be more complicated with several starbursts occurring along the life of the galaxies. The analysis of these complex superposition of populations is delayed to a forthcoming paper using cosmological simulations.
DISCUSSION AND CONCLUSIONS
We present results from pre-prepared simulated galaxies performed with a version of Tree-PM SPH-GADGET-3 (Springel 2005) to study of the impact of the SNIa feedback, using different DTDs. In this paper, we explore the SD model of MR01 in detail. We choose the SD scenario as a reference to discuss the implementation, the main observables and correlations which we aim at reproducing. The implementation of the DTDs involved the calibration of a free parameter A which represents the fraction of binary systems in one stellar generation that give rise to SNIa events. Analytical models fix A according to the SFR of the galaxy they are studying. However, in a cosmological simulations A acts at a particle basis. Thus, it is assumed to be the same for all single stel- lar populations, while the final SNIa rates or any relation between the SNIa rates and the galaxy properties -or the chemical abundance patterns-, should come out as a prediction of the simulation. Therefore, it is necessary to explore a range of suitable A values and their impact on the properties of galaxies, by using first a simple initial condition. In a forthcoming paper, we will run cosmological simulation and analyse the chemical properties of galaxies of different masses and assembly histories. Reproducing adequately the SNIa feedback is of increasing importance as new Galactic surveys will start yielding high precision measurements of chemical abundances.
Our main results are the following:
• We find that the SFR responds linearly to the number of SNe Ia in the SD scenario. The SFR is found to decline faster with increasing values of A. But the differences are small so that the final stellar mass formed is very similar. There is a substantial difference between the Original SNIa model of Mosconi et al. (2001) and the SD model which is related to the adopted lifetimes for the secondary masses. In the Original model, the SNIa production is shifted to later times compared to the SD scenario, beginning at ∼ 1 × 10 8 yrs. Calibrating these two models to reproduce the observed SNIa rates, yields similar A values for each of them (SD-4 with A= 0.00075, and the Original model with A= 0.0008). The Original model shows a more extended SFR. However, both of them predict similar final fractions of new stellar mass to total baryonic mass.
• Considering the out-coming SFR of our simulations which is dominated by a strong starburst, the expected SNIa rates should be comparable to observed SNIa rates of ∼ 0.0012 SN per year, at the present time for ellipticals and S0 galaxies of masses of ∼ 10 10 M⊙ . The comparison of the tested simulations with different A parameters suggests that the best representations is given by SD-4 model which uses A∼ 0.00075.
• The [α-elements/Fe] ratios predicted by the simulations are compared to data for the Galactic Bulge by Gonzalez et al. (2011) . These predicted ratios result very sensitive to the values of A adopted, as expected and well known from analytical models. We find that the best agreement with observations is provided by SD-4 model. This model predicts a long plateau for the [α-elements/Fe] ratio and a knee occurring at high [Fe/H], as observations suggest. We note that this is the first time that such an excellent agreement is found in SPH simulations of galaxies.
• The SD-4 model is also able to predict the rates of SNIa at the present time for elliptical and S0 galaxies given by Li et al. (2011) and the observed correlation between the SSNIaR and the SSFR, found by Sullivan et al. (2006) , if we estimate these parameters at each time of evolution of our simulated galaxies. This correlation comes out naturally from the simulation. There are two features in the simulated relations which cannot be confronted with current observations but could be interesting to explore in the future: -For high SSFR, as the SSNIaR starts to appear, the SSNIaR-SSFR anti correlates before it turns onto the observed correlation. This is caused by large amount of SSNIaR appearing in the DTD. The turn over occurs when the maximum in the DTD is reached and hence, it could be interesting to explore if this turn-over could be confirmed with observations coming from galaxies dominated by a very recent starburst.
-For very low SSFR, there is still a residual SSNIaR as the generation of these events are delayed in time, thus the correlation is lost. The SSFR at which this occurs could be related with the shape of the DTD. We will explore this issue in Paper II.
In forthcoming paper, we will discuss other DTDs implemented in the SPH simulations: the DD scenario by Greggio (2005) and empirically motivated DTDs as: the Bimodal scenario by Mannucci et al. (2006) , the power laws reported by Maoz et al. (2012) and Pritchet et al. (2008) . We will explore the predicted SNIa rates and chemical abundances, as well as the global correlations which might contribute to understand the progenitors of SNIa. este for their the hospitality. F.M. acknowledges financial support from PRINMIUR2010-2011, project: "Chemical and dynamical evolution of the Milky Way and Local Group Galaxies", prot.N. 2010LY5N2T. We are grateful to Mark Sullivan, Manuela Zoccali and Mathew Smith for kindly providing the data shown in this paper. This research made use of the NASA's Astrophysical Data Systems and arXiv.org e-print service from the Cornell University.
